Background: Humans, independent on where they live, are exposed to complex and various mixtures of chemicals, including persistent organic pollutants (POPs). The variability of the exposure depends on sources of the chemicals and is influenced by e.g. geography, social and cultural heritage. While exposures to POPs are frequently studied in populations from developed industrial countries, very little is known on levels and trends of POPs in developing countries, especially in Africa. Objectives: The aim of the present study was to investigate levels and temporal trends of POPs in adults from Guinea-Bissau. Methods: Serum samples were obtained from an open cohort of police officers in Guinea-Bissau. Repeated samples from 33 individuals were obtained at five time points between 1990 and 2007, in all 147 samples. Pooled serum samples were extracted and cleaned-up prior to analysis by gas chromatography and mass spectrometry. The concentration of 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (4,4′-DDT) and its metabolites, polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and hexachlorocyclohexanes (HCHs) were determined. Results: The major POP found in all samples was 1,1-dichloro-2,2-bis(4-chlorophenyl)ethene (4,4′-DDE) followed by 4,4′-DDT. 4,4′-DDE, 4,4′-DDT, PCBs and β-and γ-HCH were significantly decreasing over time. The PBDEs were found at low concentrations, with an increasing temporal trend for BDE-153. Conclusion: National and international management may be behind the observed decreased organohalogen compound concentrations in humans from Guinea-Bissau from the early 1990's and onwards, similarly to the development of these compounds in humans from industrial countries. In contrast, PBDEs follow a trend of increasing concentrations even though at low levels.
Introduction
Humans are exposed to very complex mixtures of chemicals, including the globally distributed persistent organic pollutants (POPs). Exposure also depends on the local/regional use of the chemical, e.g. pesticides in agriculture. There is a vast number of exposure assessment studies on POPs in humans from developed industrialized countries. Attempts to summarize human studies on exposure to endocrine disruptors, including POPs, has been made, e.g. (Hites, 2004; Solomon and Weiss, 2002; WHO, 2002) . These documents clearly show the lack of data from countries outside North America, Western Europe, Australia and Japan. The recent Global Monitoring Report prepared for the fourth meeting of the Stockholm Convention on Persistent Organic Pollutants in 2009 underlines that there is still a knowledge gap on levels and trends of POPs in ecosystems as well as in humans in most developing countries and countries in transition (UNEP, 2009b) . Many of these countries face challenges with hot and humid climatic conditions that promote the growth of a myriad of pests and disease vectors, hence with a need for pesticide use. Other challenges are mismanagement of hazardous chemicals and wastes, including imported wastes.
Several of the POPs have been used extensively in the past in agriculture, public health and industry. DDT and polychlorinated biphenyls (PCBs) are the most well known and most thoroughly studied POPs among the twenty-one POPs that should be eliminated or reduced according to the Stockholm Convention (UNEP, 2009c) . DDT was formerly widely used as a pesticide and for malaria control, but was banned in most industrialized countries in the 1970's. However, DDT is still produced and used in countries with severe health threats caused by malaria. Indoor residual spraying (IRS) with DDT is recommended by WHO together with correct diagnoses, medication and insecticide-treated nets to decrease the malaria transmission (WHO, 2006a; WHO, 2007) . DDT and human health risks and benefits have been reviewed by e.g. (Beard, 2006; Eskenazi et al., 2009; Rogan and Chen, 2005) . 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (4,4′-DDT), the main component in technical DDT, is metabolized to 1,1-dichloro-2,2-bis(4-chlorophenyl)ethene (4,4′-DDE) and 1,1-dichloro-2,2-bis(4-chlorophenyl)ethane (4,4′-DDD). Another group of organochlorine pesticides, the hexachlorocyclohexanes (HCHs), have been used as insecticides either as a mixture of HCH isomers (mainly α-, β-and γ-HCH) or as a single compound, γ-HCH, well known under its commercial name, Lindane.
The PCBs are ubiquitously distributed environmental contaminants originally used in e.g. capacitors, transformers and in sealants. PCBs were banned in the first half of the 1970's in many countries, and PCB are also listed in the Stockholm Convention from 2001 (UNEP, 2009c) . Polybrominated diphenyl ethers (PBDEs) are used as additive flame retardants in for example plastics, textiles and electric equipments (WHO, 1994) . There are three commercial mixtures of PBDEs depending on degree of bromination; PentaBDE, OctaBDE and DecaBDE. The former two products are now banned in the European Union (EU) (Cox and Efthymiou, 2003) and the production of PentaBDE and OctaBDE have been ceased in the US (Environmental working group, 2009). DecaBDE is regulated for uses in electric and electronic equipment since 2008 in the EU (Cox and Drys, 2003) and by a few states in the U.S. (Betts, 2008) . Major producers of DecaBDE in the U.S. have decided to phase-out the chemical (BSEF, 2010) .
Most African countries have ratified the Stockholm Convention. The information on POPs in Africa is scarce, and does not allow evaluation of population exposures levels and changes over time. However, compilations of available air, soil and human data are found in the UNEP regional reports (UNEP, 2009a) , and there is also some additional data on various chlorinated pesticides in human milk and serum from both urban and rural populations such as Kenya (Kinyamu et al., 1998) , Uganda (Ejobi et al., 1996) , Zimbabwe (Chikuni et al., 1997b; Chikuni et al., 1997a) , South Africa (Dalvie et al., 2004; Okonkwo et al., 2008) and Tunisia (Ennaceur et al., 2008) . Data on chlorinated pesticides and PCB in human milk from Africa is summarized in Table 1 .
The objective of the present study was to investigate the levels of human exposure to legacy and emerging POPs in a developing WestAfrican country, Guinea-Bissau. Repeated serum samples from individuals sampled at five time points between 1990 and 2007 were available for evaluation of time trends and population half-lives or doubling times.
Materials and methods

Study area
Guinea-Bissau, a country situated on the west coast of Africa, is among the least developed countries in the world (UNDP, 2007) . There are 1.5 million inhabitants on 36,000 km 2 . The main source of income comes from agriculture, with rice and cashew nuts as the dominating crops, and coastal fishery. The climate is tropical with a rainy season and a cooler, dry season. Endemic malaria is a serious problem. It has been estimated that 20% of all deaths in children less than five years are caused by malaria (WHO, 2006b) , although this may be an overestimation, since malnutrition is also a very important factor for ill-health in children (Caulfield et al., 2004a; Caulfield et al., 2004b; Rodrigues et al., 2008) . The current use of DDT and other POPs in Guinea-Bissau is unknown. IRS is not officially recommended for malaria control in Guinea-Bissau.
Study population
Serum samples were obtained from an open cohort in GuineaBissau as described in detail elsewhere (Norrgren et al., 1998) . In brief, all police officers in the country have been invited to participate in a clinical study focused on HIV since 1990. The participation rate is high, 98-99%. Serum samples from annual or biannual health examinations from approximately 4500 enrolled police officers are stored at − 20°a t the Swedish Institute for Infectious Disease Control (SMI) in Stockholm. The database includes information on age, sex, body weight, the place of living (either in the capital Bissau, or in provincial towns) and various immunological parameters of relevance for surveillance of HIV infection.
Only samples from male HIV negative subjects were available for this study. We selected in all 33 males, who had participated in repeated health examinations, and had stored samples from at least four out of five pre-defined periods of interest (1990-91, 1993-95, 1997-99, 2001-03, and 2005-07) . Due to the small amounts of serum that were available in this study, it was not possible to analyze samples on an individual basis. Equal amount of serum from each individual (0.25-0.5 ml) was used to form pools. Thus, the result from each one of the pooled sample equals the mean value of the individuals included. Groups 1 to 3 were assembled to differ with respect to age (median age; 30, 33 and 40 years at the first sampling occasion). Groups 4 to 6 include all ages, but the participants had only been sampled at four of the five time periods, and were therefore divided according to which time period that was missing. For detailed information on the subjects and pools, see Table 2 . The study was approved by the Regional ethical board in Lund, Sweden (436/2008) and by the Ministry of Health, Guinea-Bissau.
Chemicals
The pesticides and the PCB standards were either synthesized in house or purchased from Larodan Fine Chemicals AB, Malmö, Sweden. PBDE standards were purchased from LGC Standards (Borås, Sweden). All solvents, acids and salts were of highest quality available. Silica gel, 200-400 mesh, 60 Å, was purchased from Aldrich, USA. The silica gel was baked at 300°C over night before use. 
Instrumental analysis
Gas chromatography (GC) analyses were performed on a Varian CP-3800 GC equipped with a CP-8400 autosampler and an electron capture detector (ECD). A large volume injector was used (the injection volume was 5 μl) and the temperature program for the injector was: 80°C, 0.35 min; 200°/min to 300°. A non-polar column (CP-SIL 8CB 25 m × 0.15 mm × 0.12 μm) from Varian, Middleburg, the Netherlands, was used. Helium was used as a carrier gas and nitrogen as the makeup gas. The column oven temperature was programmed from 80°C, 2.5 min; 20°/min to 300°; hold for 5 min.
PBDEs were analyzed on a SSQ 710 mass spectrometer (ThermoFinnigan) connected to a Varian 3400 gas chromatograph. A septum equipped temperature programmable injector (SPI) was used together with a DB-5 HT capillary column (15 m × 0.25 mm × 0.1 μm) from J&W Scientific, Folsom, USA. The temperature program for the GC was 85°C for 1 minute, raised with 15°/min to 300°C and then with 2°/ min to 310°C which was held for 5 min. Electron capture negative ionization (ECNI) with methane (scientific 5.5, AGA Stockholm, Sweden) as a reagent gas and an electron energy of 70 eV was used. Helium was the carrier gas, the ion source temperature was 200°C and the transfer line temperature was set to 290°C. Selected ion monitoring (SIM) mode (isotopes m/z 79 and 81) was used.
Clean-up procedure and lipid determination
After addition of surrogate standards (CB-200, 1 ng and BDE-138, 0.4 ng) the serum samples (1.2-3.2 g) were extracted and cleaned-up, with some modifications, according to Hovander et al. (2000) . In brief, hydrochloric acid and 2-propanol were added to the samples before extraction with cyclohexane:methyl tert-buthyl ether (MTBE) (1:1). The organic phase was washed with 1% potassium chloride before the lipid weight was determined.
The lipid determinations were performed gravimetrically on quite low (1.2-3.2 g) sample weights. The solvent was carefully evaporated and the extracts were weighted repeatedly until the lipid weight was stable. As a quality control, we compared the gravimetrically determined fat content of the control samples included in each batch of samples with findings from previous enzymatic lipid determinations of these samples, and obtained very similar results. It has been shown by e.g. Grimvall et al. that gravimetric and enzymatic lipid determinations are comparable (Grimvall et al., 1997) .
Neutral and phenolic compounds were separated by partitioning with potassium hydroxide in 50% ethanol. The phenolic compounds were recovered from the potassium hydroxide solution by addition of hydrochloric acid and extraction with cyclohexane:MTBE (9:1). Clean-up of the neutral fraction was executed with sulfuric acid partitioning and two sulfuric acid treated silica gel columns. The first column (1.5 g sulfuric acid:silica gel columns 1:2) was eluted with dichloromethane (DCM, 10 ml), and the second column (0.1 g silica gel + 0.6 g sulfuric acid:silica gel 1:2) was eluted with cyclohexane: DCM (1:1, 7 ml). An injection standard (CB-189, 1 ng) was added to the samples prior the GC/ECD analysis for recovery calculations of the surrogate standard (CB-200). The final volume was set to 0.5 ml for PCB and pesticide analysis on GC/ECD. After the GC/ECD analysis the samples were fractionated on a silica gel column (1 g). The first fraction, containing PCBs and pesticides, was eluted with cyclohexane (6 ml). A second fraction, containing the PBDEs, was eluted with DCM (6 ml). The solvent was evaporated and changed to n-hexane and BDE-139 (0.3 ng) was added as an injection standard. The final volume was corrected to 50 μl prior to PBDE analysis by GC/MS-ECNI.
QA/QC
Laboratory reference samples were run with each batch of samples together with solvent blank samples. The mean recovery of the surrogate standards were 97% for CB-200 and 107% for BDE-138. The limit of quantification (LOQ) was set to about ten times the noise resulting in a LOQ for γ-HCH at about 8 ng/g fat. All other chlorinated compounds reported were above LOQ. The limit of quantification for the PBDEs was set to three times the level in the blank samples. LOQ for BDE-47, BDE-153 and BDE-209 was set to 22 pg, 2 pg and 25 pg respectively (total amount in sample). The contamination of the blank samples was consistent and markedly lower than the levels detected in the serum samples for all PBDE congeners except for BDE-47. The background levels found in the solvent blank samples were subtracted from the levels measured in the samples. Possible contaminations at the sampling occasions cannot be entirely excluded.
Statistics
Values below LOQ were set to half the LOQ in all statistical calculations. Friedman's test was used to evaluate time trends without any assumptions of linearity. Missing values for a certain time point was set to the mean value for the whole time series. Time trends were also evaluated with linear mixed models, using PROC MIXED and PROC NLMIXED in SAS version 8.2. Initially, the effect of time (coded as the mean year of each time period, that is 1990. 5, 1994, 1998, 2002 and 2006) on each pollutant (dependent variable) were tested with a random intercept for each group. If there were problems with convergence, the effect of time was tested without a random intercept. The population half-lives and doubling times was calculated from data obtained in the linear mixed models. This procedure was only used for substances for which assumptions of linearity seemed reasonable after visual examinations of plots.
Results
The concentrations of all substances analyzed in pools of policemen from Guinea-Bissau, presented on a fat weight basis (ng/g fat), are presented in Table 3 . The substance found in the highest concentration was 4,4′-DDE followed by 4,4′-DDT, both decreasing significantly over the observation period (p b 0.001, Friedman's test). The other metabolite, 4,4′-DDD followed the same pattern. The time trends of 4,4′-DDE and 4,4′-DDT in the three groups with different age ranges are illustrated in Fig. 1 . The ratio between 4,4′-DDT and 4,4′-DDE decreased over time in all six groups. The decrease was most marked in the group with the youngest subjects (group 1) as shown in Fig. 2 . 2,4′-DDT followed the same pattern as 4,4′-DDT at about 20% of the 4,4′-DDT concentration. The ratio of 4,4′-DDT/4,4′-DDE was used to assess the degree of fresh input of DDT exposure. This ratio (mean= 0.3, range 0.07-0.7) reveals recent and/or ongoing use of DDT (Fig. 2) . All six groups showed a distinct decrease of γ-HCH from the first time point (1990) (1991) to the second point (1993) (1994) (1995) , and were thereafter below the LOQ, or only slightly higher. There was a significant decrease of β-HCH as well (p b 0.001) but delayed in comparison to γ-HCH. The time trends for γ-and β-HCH in the three groups with different age ranges are illustrated in Fig. 3 . A PCB congener (CB-200) was used as an internal standard for the calculations of the HCHs. This is not optimal due to the differences in volatility, but previous recovery studies at our lab by for example Hovander et al. have resulted in acceptable recoveries of HCHs when using this extraction method (Hovander et al., 2000) . No other HCH isomers were detected. Hexachlorobenzene (HCB) was not present at quantifiable concentrations in any of the pooled samples.
CB-153 was the major PCB congener, followed by CB-180 and CB-138. CB-153 concentrations between 20 and 100 ng/g fat were detected, with the highest levels among the oldest subjects (Table 3) . Decreasing levels of the PCBs over time was observed for the sum of 5 PCBs (Σ(5) PCBs), and for CB-153 at p b 0.001. The trend of Σ(5)PCBs in the three groups with different age ranges is illustrated in Fig. 4 . Hydroxylated metabolites of PCB were observed at low levels but not quantified. Pentachlorophenol (PCP) was checked for, but not detected. Low levels of PBDEs were detected. The major congener, the decabrominated BDE-209, and BDE-153 was quantifiable in two thirds of the samples. BDE-47 was found in most samples but all values were below the LOQ. BDE-154 was quantifiable in one third of the samples. The levels of BDE-153 increased over time, almost reaching statistical significance (p = 0.063). The time trend of BDE-153 in the three groups with different age ranges is illustrated in Fig. 5 . No time trend was observed for BDE-209.
The calculation of population half-life or doubling time was based on assumptions of linearity, and was performed for all substances except γ-HCH, which clearly deviated from linearity. The decrease over time was significantly significant for all legacy POPs, with population half-lives ranging from 9 to 16 years (Table 4) . For BDE-153, a significant increase was observed, with a population doubling time estimated to 10 years.
Discussion
Main findings
Decreasing temporal trends for the legacy POPs and increasing levels of BDE-153, were found among the police officers in GuineaBissau. This is a result similar to observations elsewhere, for example in Sweden (Norén and Meironyté, 2000) , the U.S. (Sjödin et al., 2004) and as reviewed by Solomon and Weiss (2002) and Smith (1999) discussing regional differences and time trends of chemical pollutants in breast milk.
Strengths and limitations
This is a unique time trend study on POP exposure. Unlike the present study, most time trend studies are performed on samples from different individuals from different years which might in particular influence the variation of the concentrations determined and accordingly the temporal trend. We were actually able to follow the same men over a 17 year period. It is noteworthy that the present study, in contrast to most temporal studies that do not have repeated sampling of the same individuals, actually follows an aging population. We also know that they were all HIV negative, without significant weight loss over time -a strength when lipid soluble compounds are studied. The pooled design is a limitation as the variation between individuals is obscured, and only mean values were obtained. Although all subjects in our study are police officers, we assume that their exposure profile can represent HIV negative men who are employed in the non-agricultural sector, living in nonindustrialized urban areas of a developing country in the sub-Saharan West Africa. 
Interpretation
The major POP found in all pools of serum was DDT and its metabolites. As expected for persistent pollutants, the highest concentration of the major metabolite 4,4′-DDE were found in the group with the oldest individuals (group 3) and the lowest levels in the group with the youngest individuals (group 1) as shown in Fig. 1 . Elevated concentrations of 4,4′-DDT is a marker for ongoing exposure to this organochlorine pesticide while 4,4′-DDE is a marker for old 4,4′-DDT exposure or exposure to 4,4′-DDE via food. In three out of six groups, especially in the group containing the youngest individuals, there seemed to be a peak of 4,4′-DDT in the mid 90's. This is also seen in the 4,4′-DDT/4,4′-DDE ratio in Fig. 2 . It is difficult to trace this result since pooled samples are analyzed. Accordingly, one or a few individuals with some particular exposure to DDT at that time may have influenced the mean of the whole pool. An alternative explanation is a more widespread and pronounced use of DDT at this time since the 4,4′-DDT/4,4′-DDE ratio increases for all pools. Unfortunately, we have no data on DDT use.
The population half-life of 4,4′-DDT and 4,4′-DDE in Guinea-Bissau between 1990 and 2007, based on longitudinal data, was calculated to 11 and 13 years respectively, (Table 4) . For comparison, the population half-life of 4,4′-DDT and 4,4′-DDE in Swedish human milk (cross-sectional samples) was calculated to 4 and 5 years between 1967 and 1997 (Norén and Meironyté, 2000) . The discrepancy is reasonable, since DDT was successfully banned in Sweden already in the early 1970's and without further use within the country. In contrast, the sustained use of DDT in Guinea-Bissau is mirrored in a longer population half-life. Moreover, when following an aging group for a contaminant with a long biological half-life which is known to accumulate with age, the population half-life is inevitably longer.
DDT is still used in some countries as an insecticide to fight malaria. WHO recommend indoor residual spraying (IRS) with DDT together with correct diagnoses, medication and insecticide-treated nets as important tools to decrease malaria in high-endemic areas (WHO, 2006a) . There are many studies reporting on levels of 4,4′-DDT and 4,4′-DDE in humans. Of particular interest is a report by Jaga and Dharmani that present a global surveillance of 4,4′-DDTs in humans (Jaga and Dharmani, 2003) and a WHO report (2002) . The levels of DDTs in Guinea-Bissau today are higher compared to most industrialized countries, but in the same range as Vietnam and China (Haraguchi et al., 2009 ). Our observations for 4,4′-DDE are similar to observations in breast milk from African countries with endemic malaria, like Kenya (Kanja et al., 1992) , Uganda (Ejobi et al., 1996) , Zimbabwe (Chikuni et al., 1997a) and South Africa where DDT is used for IRS (Bouwman and Kylin, 2009; Darnerud et al., 2006; Okonkwo et al., 2008; Röllin et al., 2009) (Table 1) . DDTs in serum from seven men living in the Sene-Gambian region was also in the same range as in Guinea-Bissau (Manirakiza et al., 2002) . The levels of DDTs in breast milk from Tunisia, where malaria is not endemic, was however lower in most regions (Ennaceur et al., 2007; Ennaceur et al., 2008) . Concentrations on lipid basis in both serum and breast milk reflect the total burden of lipophilic compounds.
The distinct decrease of γ-HCH that was seen in all groups between 1990-1991 and 1993-1995 (Fig. 3) is implying that there has been a marked decrease in the use of γ-HCH (Lindane) at that time. However, it has not been possible to confirm that from consumption data. The decrease in β-HCH is clear but it is not as rapid as the decrease of γ-HCH. β-HCH is the most persistent and bioaccumulative isomer of the HCHs. The half-life of γ-HCH in blood is one day compared to 7.2 years for β-HCH (Li, 1999) . This may imply that the use of β-HCH has also decreased substantially -however, we have no usage data to support this assumption either. The population half-life of β-HCH was calculated to 9 years in this study (Table 4 ). An increase in concentration with higher age was seen for γ-HCH but not for β-HCH.
HCHs have been analyzed before in a few studies on human milk samples from African countries. The concentration of β-HCH was higher in Guinea-Bissau compared to South Africa (see Table 1 ). In contrast, the concentration of γ-HCH was much lower in GuineaBissau compared to most of the communities in South Africa, except of the urban community (Röllin et al., 2009 ). The differences could be due to differences in the use of Lindane (i.e. γ-HCH) and the technical HCH mixture. In Kenya and Uganda, HCHs were only detected in a few percent of the samples (Ejobi et al., 1996; Kinyamu et al., 1998) and in the Sene-Gambian region, α-HCH was by far the most dominant isomer (Manirakiza et al., 2002) . The levels of the HCHs were not as high in Guinea-Bissau as reported in breast milk from India (Subramanian et al., 2007) , China (Kunisue et al., 2004; Leng et al., 2009) and Malaysia (Sudaryanto et al., 2005) , but similar as in breast milk from Japan 2001 -2004 (Kunisue et al., 2006 . The present levels found in Guinea-Bissau today were higher than observed in contemporary serum levels in European countries like the United Kingdom (Thomas et al., 2006) and Sweden (Glynn et al., 2007) .
A decreasing trend was seen also for the PCBs (Fig. 4) . As expected, the highest concentrations of PCBs were observed in the group with the oldest individuals (group 3) and the lowest concentration in the group with the youngest individuals (group 1). The population halflives of the PCBs were calculated to 12-16 years in this study, which is similar to the half-lives in Swedish mothers ' milk between 1967 and 1997 (Norén and Meironyté, 2000 ) and, 1996 (Lignell et al., 2009 . There are only a few studies reporting on PCB levels in Africa. The concentration of PCBs was higher in Guinea-Bissau compared to Zimbabwe and South Africa (Chikuni et al., 1997a; Darnerud et al., 2006) and in the same range as in Tunisia (Ennaceur et al., 2008) for comparable time periods. The concentration of PCBs was relatively high in Guinea-Bissau considering that it is a non-industrialized country. Notably, Gioia et al. found the highest concentrations of PCBs in water and air samples outside the coast of Guinea-Bissau when they measured PCB concentration from Germany to South Africa (Gioia et al., 2008) . A comparison with other parts of the world shows that the PCB concentration in Guinea-Bissau was similar to the concentrations found in the U.S. (Sjödin et al., 2004) and United Kingdom (Thomas et al., 2006) , lower compared to Sweden (Sjödin et al., 2000) but higher than the levels in Bangladesh (Mamun et al., 2007) . This result shows the severity of PCB pollution and the problem to eliminate PCB as an environmental contaminant, independent of country or continent.
PBDEs were detected in all samples but found only in low levels, except for BDE-209 that were found in surprisingly high concentration (up to 23 ng/g fat). The BDE-153 levels in Guinea-Bissau 2005 are similar to the levels observed in Sweden in the mid 1990's (Meironyté et al., 1999) . To our knowledge, this is the first study reporting on PBDEs in human serum from Africa. Though the source of exposure is unknown, the elevated BDE-209 levels clearly represent ongoing exposure, since the half-life of BDE-209 in humans is very short, 15 days (Thuresson et al., 2006) . Export of electrical and electronic waste (e-waste) to developing countries with little or no regulation or experience in safe handling is discussed in a report from Greenpeace 2008 (Greenpeace Research Laboratories, 2008 . This may be a source, however we have no reports on export of e-waste to Guinea-Bissau that could explain the BDE-209 exposure. High levels of PBDEs in non-industrialized areas in a developing country have also been observed in Central America (Athanasiadou et al., 2008) . The population doubling time for BDE-153 was calculated to 10 years, which can be compared to observations in Sweden, with a doubling of BDE-153 about every 5 years between 1972 and 1997 (Meironyté et al., 1999) .
Conclusion
Decreasing levels over time of the legacy POPs listed in the Stockholm Convention is a confirmation that actions taken prior to the convention and thereafter have had an effect not only on the industrial parts of the world but also in low-income countries such as Guinea-Bissau. However, the emerging technosphere POPs are present also in non-industrialized areas.
Despite this encouraging finding on legacy POPs, the use of old and damaged equipment and little knowledge on how to handle used equipment that contains hazardous compounds might lead to an upcoming problem with POPs in western Africa in the future. Also, export of e-waste and old equipment from the rich part of the world to developing countries with weaknesses in technical infrastructure and lack of legislation or enforcement measures is a threat. Another threat to the environment is the continued use of DDT, a substance that may be even more needed for malaria control in the future, due to the spread of the vector caused by climate changes. Hence, there is an imminent need for further data collection in developing countries through systematic surveys which can provide indicative contaminant levels in populations and temporal trends of legacy and emerging POPs.
